In this paper, the authors analyze the influence of the introduced public transit improvements on the exhaust emissions based on the example of the proposed traffic organization changes i.e. separate bus lanes on Garbary and Mostowa streets in Poznan. To that end, software for traffic microsimulation was applied with modules enabling exhaust emission testing being divided into vehicle types, exhaust emission standards and the extent of influence of the traffic conditions. A selected portion of the road network of the city of Poznan was subjected to an analysis that covered the said streets and parts of the adjacent ones. In order to enable a comparison of the introduced changes in the traffic conditions and exhaust emissions level, the authors analyzed the existing road network in the first place (no separate bus lanes) and then, with the same vehicle type structure, the variant with the said modification was scrutinized. The potential influence of the introduced modification in the traffic organization on the traffic rate on the analyzed road portion was determined with the use of a macrosimulation traffic model. The above will enable a comparison of results and an assessment of the purposefulness of the introduction of changes from an environmental point of view. The proposed approach aims at proving the need to extend the current approach to the planning of changes in the traffic organization and the process of realization of infrastructural investments, particularly in the areas of intense housing development by also taking into account the environmental aspects.
Introduction
Currently, one of the main priorities that form the transport policy in Polish cities is the promotion and development of public transit systems. Proper organization of municipal public transit is a challenge for the cities that offer such services. The larger the city or the entire agglomeration, the greater the challenge [1] . This task is of particular importance and is extremely difficult to realize under the conditions of rapid automotive industry advancement, a dynamic growth of the number of vehicles, a constant domination of individual transport and a drop of the number of passengers using public transit. Additionally, the changes in the demographic structures and natural processes of suburbanization of cities (including Poznan) have impact on the change of the characteristics of the realized trips (extension). Despite the fact that the number of trips realized with individual transport in Poznan drops faster than the number of trips realized with public transit it does not directly reduce the traffic at peak hours. Due to the fact that the realized trips are longer, at the same time in the road network more vehicles appear leading to overloads and congestions.
The above-mentioned problems do not only have a negative impact on the traffic situation and natural environment but also negatively influence human health and quality of life [2, 3] . On the national scale, according to the Polish Office for National Statistics [4] , road transport is a source of over 30% of the total emission of NO x , more than 22% of the total emission of CO, nearly 25% of the total emissions of non-methane volatile organic compounds and approx. 18% of the total emission of dust. According to the data published by European Environment Agency [5], the transport sector in 32 EEA member states is responsible for 58% of the total emission of NO x , 18% non-methane volatile organic compounds and 30% of the total emission of CO.
Road congestion specifically obstructs ground public transit systems (buses in particular) thus leading to a drop in their efficiency and attractiveness for the passengers while the operating costs continue growing. It is, thus necessary (particularly in the city areas of dense building development that limits the extension of road systems) to implement solutions that will improve the operation of public transit through implementing separate bus lanes. Separate bus lanes are gaining popularity in the cities of Poland. They increase the average bus speeds, improve punctuality and regularity of the individual bus runs. This solution directly increases the number and share of trips realized via public transit on routes where such a solution has been introduced [6] .
The potential effects of the application of separate bus lanes are estimated on the stage of planning through determination of speeds and bus runtimes, which is used for the purpose of analyses of the travels and economic aspects. There are no detailed analyses allowing a validation of the potential influence of the proposed changes on the exhaust emissions and CO 2 , i.e. the impact of the planned actions on the natural environment and quality of life. One of the ways to enable such action (on the stage of design of new transport solutions and optimization of the already existing ones including possible predictions of potential consequences) is traffic modeling with the use of advanced simulation tools including those enabling advanced environmental simulations. Today, traffic modeling is a fundamental element in the assessment of the consequences of the planned modifications in transport systems in urban areas [7, 8] . Depending on the needs and required accuracy of the reflected phenomena as well as the range of the conducted analyses macrosimulation and microsimulation models are applied.
Within this paper, the authors analyze the influence of the introduction of public transit improvements in the city of Poznan (separate bus lanes on Garbary and Mostowa streets) on the local road traffic exhaust emissions. The analyses of vehicle flow with the conducted experiments were carried out with the use of VISSIM software by PTV -a microscopic traffic flow simulation system enabling a precise analysis of the state of the transport system with a high level of accuracy. Within the experiments the following exhaust components were subject to analysis: CO, CO 2 , HC, NO x , PM and, additionally, fuel consumption, average travel time and average speed.
Characteristics of the analyzed route and area
The location of the separate bus lanes is planned in the streets in the exact center of the city of Poznan i.e. Garbary, Kazimierza Wielkiego, Mostowa streets running on the north-south axis. The analyzed route plays a significant role in the transport system for the city of Poznan and also, due to the continuing processes of sub-urbanization, for the Poznan agglomeration. A schematic location of the area under analysis on the map of the entire city has been shown in Fig. 1 and a more detailed visualization in Fig. 2 . At this moment, the said streets have two lanes in each direction. These are partly one direction lanes with traffic lights combined with tram routes. The total length of the roads designated for the introduction of separate bus lanes is 4500 m. The area under analysis is characterized by a dense building development, which prevents further development of the road network. The bus stops in the analyzed streets are a mix of bus bays and bus stops serviced from the nearest lane, the latter causing obstruction for other road users. At this moment the road portion of the greatest public transit burden services 7 bus lines.
Basic data and assumptions adopted in the traffic simulations
Microsimulation analyses of the traffic have been performed for three variants describing different states of the road network in the investigated area: 1) Variant W0 -describing the network in the current state without separate bus lanes 2) Variant W1 -describing the network with the separate bus lanes implemented but preserving the same traffic rate as in variant W0. 3) Variant W1a -describing the road network with the separate bus lanes implemented and their influence on the traffic rate and traffic distribution in the analyzed area. The location of the fragment of the road network under analysis on the map of the entire city of Poznan.
For the accuracy of the performed analyses it was particularly important to develop a detailed type structure of the vehicles that includes the share of vehicles fitted with gasoline and diesel engines meeting individual EURO emission standards within the following classes: passenger vehicles, light trucks/delivery vans, heavy duty trucks, 12m city buses and 18m city buses. The type structure of the vehicles was adopted based on the research presented by the authors in [9, 10] . City buses were not directly included in the vehicle structure implemented in the VISSIM database. They were directly ascribed to individual bus lines with a preset service frequency resulting from the timetables.
The extent and distribution of the traffic for variants W0 and W1 was adopted based on the data obtained from Municipal Road Authority in Poznan. In the case of variant W1a the potential influence of the introduction of the bus lanes on the change of the traffic rate on the tested road portions and the distribution of vehicles on individual intersections within the analyzed area was determined via a traffic model for the city of Poznan and software for macroscopic traffic simulation VISUM. The results of the conducted analyses (before and after implementing the bus lanes) for the example node -the intersection of the streets of Krolowej Jadwigi and Garbary (node marked A in Fig. 2 ) has been shown in Fig. 3 . The presented values determine the divisions of traffic into individual directions. A detailed location of the route with the planned bus lanes marked.
Based on the input data in the VISSIM database, upon proper calibration of the road network for the individual variants, including the traffic limitations for trucks in the analyzed area, the simulation experiments were carried out eventually leading to the determination of the exhaust emissions from the vehicles in the network. The time of each simulation was set at 5400 seconds and the recording of the parameters lasted for 3600 seconds in the interval starting at 1800 seconds. 
Results and analysis of the simulation experiments
During the simulation experiments parameters were recorded that allowed an evaluation and comparison on two planes:
I. Analyzing the data related to the entire fragment of the Poznan road network under analysis (described above as plane I) for emissions and fuel consumption as well as average speed and delay presented in Fig. 4 and 5 respectively we need to note that that the greatest share of the exhaust emissions and CO 2 is generated by passenger vehicles and light duty trucks, which directly results from their greatest share in the vehicle type structure. We need to indicate that A limitation of the throughput by almost 50% on road portions with separate bus lanes by designating one lane for this purpose at a simultaneous necessity to service the same number of vehicles, renders the network inefficient, which leads to the greatest global emission level and the lowest average speed out of the analyzed variants.
In the case of variant W1a we can see as of the moment of the natural redistribution of traffic onto other road portions that the values of the average emissions, speeds and runtimes throughout the entire analyzed road portion improved slightly as compared to the condition prior to the introduction of the bus lanes. At the same time when analyzing the data for the entire urban network using the macrosimulation software VISUM we can state that the average speed of the vehicles within the 2 nd bypass frame for the city of Poznan (by-pass of the downtown area built from two or three lane road system) in the case of variant W1a dropped by approximately 0.46 km/h as compared to variant W0. At the same time the transport tasks realized within the central part of the city (2 nd bypass frame) as a result of the introduction of the bus lanes dropped by approx. 1000 vehicle/kilometers. This means that a part of the transport tasks moved outside the city center in search for more efficient travel paths.
Relatively high values of the average speed of the trucks presented in Fig. 5a are a result of limitations in the traffic of vehicles of the GVW exceeding 3.5 t applicable on part of the analyzed area. This leads to a situation in which heavyduty vehicles do not enter road portions of the greatest time losses as opposed to other vehicles. Analyzing the data contained in Fig. 5b we need to note that the average delay per one city transit bus despite the implementation of the bus lanes is still very high, particularly in the case of the 18m buses. This results from the fact that within these parameters all halts are taken into account including the planned ones at the bus stops. A greater value of the average delay of the 18m buses as compared to the 12 m ones results from the fact that on routes to which they were ascribed there are more bus stops. Tables 1-3 present the comparative listings of selected parameters related to the road portions designated for the implementation of the bus lanes. Analyzing the data contained in table 1 related to the accumulated runtime on the route where the bus lanes are planned we can clearly see that depending on given situation in the network the runtimes may vary widely. Nevertheless, these values indicate that if drivers behave rationally, the introduction of bus lanes does not have to mean a drop in the quality of individual transport. At the same time there exists a theoretical possibility of reducing the runtime of the buses of the public transit by approximately 2.5-3 minutes. The data presented in tables 2 and 3 indicate that the introduction of the bus lanes has a positive effect in the form of a reduction of the exhaust emissions, fuel consumption and the time needed to cover a distance as well as an increase in the average speed of the public transit vehicles. Hence, the actual implementation of the planned bus lanes may bring measurable results such as lower costs of operation or an improvement of the quality of life. We must remember, however, that the greatest share in the exhaust emissions is naturally ascribed to passenger cars and in this mater there is still a lot to do to achieve a sustainable transport system. Comparing the data from tables 2 and 3 for variant W1 with the data contained in Fig. 4 we can observe that due to an overload of the analyzed road portion and its insufficient throughput a serious deterioration of the traffic conditions occurs on adjacent roads leading the traffic to the streets where the bus lanes were implemented, while the traffic on the analyzed road portions continues without any major disturbance, which is confirmed by slightly smaller values of the exhaust emissions in variant W1 as compared to W0. 
Conclusions
Proper organization of the transport system in cities is a great challenge and the environmental consequences accompanying the multi-level planned actions must not be neglected. We also need to remember that the analysis of this type of actions cannot be limited exclusively to the road fragments designated for the implementation of the bus lanes. The consideration on the concept level should comprise analyses of the entire transport network, which, as indicated in this paper, may give a full picture of the impact of the planned investment. On this basis an optimum solution should be sought when forming transport systems. The results of the conducted simulation experiments show that following the introduction of separate bus lanes on the analyzed roads (when assuming the approximation of the transport system to an equilibrium -compare W0 and W1a) it is possible to achieve the following reductions in the exhaust emissions at peak hours on the analyzed road portions: CO by 4.7 kg/h, HC by 0.3 kg/h, NO x by 0.9 kg/h, PM by 0.011 kg/h and CO 2 by 370 kg/h.
As for the case of the data analysis for the entire fragment of the transport network (the road portions with the bus lanes and the adjacent ones) the difference in the level of the exhaust emissions between variant W0 and W1 is as follows: a reduction in the emission of CO by 4.3 kg/h, HC by 0.06 kg/h, PM by 0.001 kg/h, CO 2 by 280 kg/h and an increase in the emission of NO x by 1.2 kg/h. In the case of NO x the increase in its emission is generated exclusively by heavyduty trucks and delivery vans and may result from variations in the traffic flows. This confirms a significant impact of the traffic conditions on the air pollution generated by motor vehicles.
During the realization of the research work high sensitivity of the used tools to the introduced modifications in the parameters of the used transport network was observed, which confirms the need of a very accurate validation of the model prior to initiating the proper simulation experiments. The obtained results also confirm the applicability of the simulation tools for the environmental analyses and the purposefulness of their application when evaluating the variants of the development of transport networks.
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